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Long range delays are, at the present time, based on cherdcally and
physico-chenically induced phase changes similar to the action of acid on
metals or erganic membranss or of solvents on high molecular crganic Sube
sbances, These delays are greabtly dependent wpon extreme terparatures,
and, in fact, are extremely sensitive to all temeratures,

The primary objective of this project was to dovelop a dslay which
would eommonsate for the variations in delay time due to the infiusnce of
temmerature, It was considersd immractical to use the princinles of the
conventional delays, whero dissolution of solids are involived; but rather
to utilize the nrinciples of expansion and comtraction to aorpensate for
terperature influence, The following lines of attack were comsidoreds

1. Procure clastomeric matorials of low physical changes over

a wide termerature range (0°F or lower to elasticity at teme
peratures below 0°F, or produce suitably nlasticized comosi-
tion of low temmerature variations),

2. [Detablish mechanisms of consistent movement at various cone

stant temperatures to establish scundness of nrinciple,

3. Cozbine temneraturc coamensating nechanisms if negessary

and possible with baslc modelo under (2) abovae,

L. If successful, produce at least one workable short range

and one long range medel including soms suitable activation

at the end of the delay neriod,
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A feasibility investigation of a silicons material having cold-flow
proverties ylelded results which showed promise., Defore oxtensive inves=
bigations were conducted on this naterial, other methods of construction
wore cvaluated, |

Tho first model consisted of a rigid tube lined with a silicone rubber
for 1-1/2 to 2 inches of its length through which a smooth body was forced,
The second method of construction ubilized a pistan which forged silicone
gum through an orifice., These rethods of attack provided the necessary
information for a tentative design,

‘Further investigations lsd to the nurchase of rubbsr parts which
would allow £er a 2 inch plunger travel as oonosaed ©o the 1~1/2 inch
travel in the first investigation. Thils provided information as to the
time delay differential when the twe lengths wore subjected to identical
prassures and climatic conditioms,

Various tests were conducted using the silicomo tube anproach whieh
proved unsatisfactory dus $o non-reoroducible results, Purther attemts
were nade to reproduce the action of a ball (or body) being farced throush
a silicone rubber tubz having a smaller ID than the 0D of the ball, Ques~
tions arose relative to the mamufacturing tolerances of exbruded tubing the
effects of dirensional increases of ths ball ar body, as well as the snring

- gonstant or vice vorsa, and different coometric configurations of tho ball
or body,.

During the investipation of the above questions, mumerous variables
wera found to be wresent, Gince no teans of comensating for the deficione

ciea of the extruded tubing were feasible, the use of male and female noldcd
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parts seemsd most pi'aeﬁical. This approach reducsd the variables ctnw
siderably and gave camlets control over configuration and dimensional
aspects,

Tho first attempt to imploment the new approach involved machining
motal sleeves (o serve as a restriction to the outward expansion or dis-
tortion of the rubber tube whilo the ball was being érawn through, 7o
campensate for the spring lose, a taper was found to be nscessary on the
ID of the tubing,

Other variables such as the variation of plus ar minus two pointe
on the durameter of the molded narts and tlp normal shrinking tolerances
existing in elastameric molded items nresented problems which wore diffie
cult to overcems, |

Yarious ‘\:ypes of silicone rubber stock having differont durancter
valuos ware used in an effort to overcemo the effects of the manufacturepr's
standard tolerances. Thia process of olinination expandad inbo a major
task,

It amneared, at this time, dus VYo the inability to roproduco the doley
action within allowable limits, that an altornate amproach shuuld bs cone
gidered, This involved the extrusion of a ailicsne gun through an orifics,
inis has the advantage of camensabing for practicdlly any variable,

Yasts were conducted using three delay wmite £illed with Dow Carndng
400 Cillcene Cum, Jach unit featured an orifice of ,023" x 2", Thage
units were tested at ambient temmerature (75°F), The limcar trovel of the
nlunger after an elansed time of 8h hours was as followss

Unit 1 - ,075 inches
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Unit 2 « ,070 inches
Ths deviation between the units occurred during the first 16 hours and re=-

mained throughout the emtire test (Gl howrs),
These same units wore then placed in a test cabinet at -20°F for

96 hours, Tho mechanics of the units were undisturbad, however, the gauges
were returned to O°F after two hours in the test cabinet in order to allow
for centraction of the silicone gum material, If this had not been done,
the contraction would have resulted in & linear travel of the plunger which
would have anpeared to be a fast rate of extrusion, The contraction recorded
on all three units was ,0625 inches, The linear travel of the plungers after
96 hours was as followst

Unit 1 « L1765 inches

Unit 2 « ,1760 inches

Unit 3 - L1750 inchss

Othor tests were run to detormine the delay characteristics of different

sizes and configurations of arifices with other variables remaininz constant.
One of thess tosts includad 8 delay unit with an orifice size of ,052" x 29,
subjacted to «20°F for 13C hours with a plunger travel of 0,5085 4inches,
Ancther test was conducted with an orifice of .0L1" x 6" at room temperature
(75°7) for 395 hours with a plunger travel of ,i80 inchas., The sane unit
was then placed in a constant termerature of 120°F for ik hours with a
plunger travel of ,191 inches, This is a variation of less than 9 wer cend

in rate of travel hetween the two temmeratures,
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At this phase of the program, it was decided to investigate silicone
guns of higher viscosity than those previously tested ag they did not show
pronise for long time delays. A test unit was designed in which Qifferent
molecular weight silicone gunm reesins could be evaluated.

A cylinder of acrylic plastic, 2 inches in length by 1/2 inch ID, was
machined, One end of this ecylinder had a shoulder on which the motivating
commression spring was seated, A piston was nachined undersized to allow
for a silicone rubber coating which acted as an Cering, thus assuring a
good fit. CSeveral "test units’ were fabricated in order to study the bew
havior of thess siliconsa while under pressure,

the results of preliminary tests showed that the units were reproduce
ible, Different rates of linsar travel were recorded at temperatures of
«20°F, T0°F and 120°F, It was noted that between -20°F and +120°F, a dife
ferance of 140°F, an approximate five=fold change occurrod in the rate of

~ linear travel. This change was determined by placing the units on a test
rig which measured the linear travel of the piston in the cylinder, Peri-
odio readinge were made to determine the rate of travel abt different poinbs
along the 1LOSF temrmerature ranze, As a recult of this test, it was found
that a decrease in the rate of travel of the niston occurred, This decrease
in rate of travel may be dus %o the following: -

1, A drag caused by friction as the piston traveled through

the cylinder. ‘

2. A decrease in force upom expansion of the spring,

In order to determins the reasong for this drag, the cylinder walls
of the test units were coated with silicene gum to simulate the lubricative
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properties of the gum resin, Tho unibts were then subjected to «20°F and
the rates of travel obbained., The results of this test Lllustrated that
the "frictional drag" Ceveloped by contracticn of the acrylonitrile cyline
dor against the piston amounted %o only 2,5 per cent of the spring force

of the original unit tested, Although this was & measurable quantity in
$his oysbem, it 18 not considered to be of great importance, Upon camle-
tion of this test, an evaluation of the compression springs ussd was begun.
The springs tested were compressicn type having & farce of 16 pounds far &
3/2 inch length, Uken allowed to expend ancther 1/2 inch, a decrease re-
sulted ancunting to a LO per cont loss in force,

Twelve gprings were tested and all produced the same per cent cecrease
in epnlied force, A Iiim&c spring testor was utilized to further study the
springs in respeéﬁ %o thoir echange in force resulting from temperature
changes, |

A soring with !mown manufacturer's specificabions was tested at rom
germeraturs and was found to conform with specifications., Tho tester was
then subjected to a =~20°7 temnmerature in order to check its operation, The
sester was removed from the freezer., A soring of knom fores was ismediabtely
placed in the tester and the force obtainod was the same as that ab room
temerature, From this test it was felt that the tester was not aifected
by the low temperature, A spring and ths toetor were thon subjeoted to a
temperature of ~20°F, The results of this test indicated that no differ-
ence in fores existed, thus proving that the spring was not measurably afe

fected by the low temperature,
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Several gum delay models employing three different designs for an ade
justable orifice were fabricated, G.T, Silicone Cum Resin tlo, 81567 was

chosen as the best naterial since it was less influenced by tempersture
and more viscous resulting in & longer time delay.

The first design, referred to as Model I, ﬁad various sized holes
drilled through the end cap of the unit, These Ii.oles varied from ,OLOY
to ,125% in diameter by 3/8Y long, the thiclmess of ths cap, These holes
wore so spaced that thurd gerews could be placed in the holes., The number
of hours delay each hole yepresented was scribed next to that respective
hole, This feature way abandomed since it did not offer a sufficient
nunber and range of time delays.

Hodel II employod the use of a cone of aluminum with a 0.120" hale,
notched ab cne point on its base, The cap was then machined on the lathe
to cut out a conical section which would corresmond to ths dimensions of
the original cone., & number of holes were then drilled in the cap as in
llodel I, The cone was held in the can by a thumb screw ingerted through
the cap. 'dth the aid of a small soring situated between the head of the
screw and the cap, & good pressure seal between the surfaces was o’aﬁéined.
The screw could thon be used to select the delay time Ly turning the
slotted cone to the appropriate orifice., This arrangement effected the
gselaction of different time delays while only employing the use of one
cap serew, This method proved unsatisfactory sincs a large time delay
range could not be cbtained due to the limited space available, This
nodel was tested with no sericus mechanical difficulties; howover, the
shortest delay which could be attained was approxinately 1h hours,
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A larger orifice would easily solve this problem, howsver, ths lack of
area restrigted attempbs to do so,

liodel IIT utilized the same cylinder amd firing nechanisn oxcept for
the top of the eylinder which featured & tapered portion which acoomnmodated
& corresnanding needle attached to the cap. Ucrowing the cap in or gat resulted
in different flow rates. Ivaluadicon tosts indieated that the volume disnlacee
ment change cbtained per turn was such that a variance of thousandths, in the
needls valve assembly, would cause considerable error in the tims delay
selected and that obtained, Purther, it would increase the burden of mamie
facture and assenbly.

The final design, ilodel IV, 1o very similar to thy farmer desipns with
the exception of a ball Learing being used in place of the needls nartion
of the needle valve, This wethod proved to be satisfactary, leproducibility
is very good with little or no variation in the units tasted, About X2 nor
cent variance existed batween tests conducted in thres vogitions, 1,0,, vere
tical, harigontal, and inverted. Ginco this undt is a rochanieal device,

- the position sheuld have vory littlo effect on the tine delay,

Several meany of temyerature camensation were investicated which
feabured low manwfacturing costs and ginmlicity of design, The pronerties
of silicone cum resing as well as silioone fluids present many ddeas av to
nosgible anmplications for nochanical tdme delay gygvems, It 48 rocoonded
tha'b these materials e investigated further,
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